Starch from achira Canna edulis Ker Gawl (Cannaceae) was used as coagulant to remove turbidity of water at different concentrations and modifications. Low percentages of moisture and high ash contents were detected for native and modified starch of achira. The starch was modified by alkaline treatment with sodium hydroxide and sodium hypochlorite. The removal of turbidity was found with a yield of 99.46% and 99.36%, for native and modified starch, respectively. Two factors were analyzed by ANOVA: type of coagulants (Native Starch (AN) and Modified Cationic Starch (ANC)) and coagulant concentration used (10, 15, 20 , and 30 mg / L). The multifactorial statistical analysis showed that there was no significant difference in terms of removal of turbidity.
Introduction
Biopolymers are generating great interest in the plastics industry and in society in general. They appear as a solution, in fields such as medicine and engineering, to the environmental problems that synthetic polymers present. Biopolymers based on renewable resources (starch and cellulose) have a high potential for use in the synthesis of biodegradable materials [1] .
Properties of starch, as gelling, stabilizing, film forming and anti-staling are depending on the starch source. The most used sources of production are corn, tubers and grains. In this work, starch of achira was modified by wet cationization to use it as a flocculating agent in raw water due to low cost as a raw material. The achira, Canna edulis Ker Gawl. (Cannaceae), is a starch source highly cultivated of low investment, with high adaptability. Currently the starch is extracted from its rhizome through handcrafted extraction methods in the Andean and Amazonian region. The use of natural starch in combination with inorganic coagulants is an alternative that allows to reduce the consumption of synthetic polymers used as coagulation and flocculation aids (poly electrolytes) at the end of the water purification process, thus reducing costs in wastewater treatment plants [2, 3] .
Materials and Methods

Chemical modification of starch.
A 30% starch suspension was prepared, followed by stirring at 450 rpm and 30 °C. It was brought to pH 9 with 1M NaOH, then the oxidant (NaClO) was added, until obtaining the bleached starch, this procedure was carried out for 120 minutes, keeping the pH and temperature. Finally, the suspension was neutralized with 1M HCl at pH 6.5-7, then the starch was filtered by washing with distilled water and a sodium bisulfite solution, finally it was dried in an oven for 24 hours at 35 ° C. [4, 5] 
Chemical characterization
Gelatinization analysis: The Grace method was used [6] . 10 g of starch were dissolved in distilled water to 100 mL, followed by heating at 85 ° C. 50 mL of the suspension was taken and introduced into the water bath at 85 ° C. The starch suspension was then constantly stirred until it formed a paste, and the temperature remained stable for a few seconds. Finally the gelatinization temperature was read. Moisture content: 5 g of sample were used and placed in a porcelain crucible inside an oven at 102 °C for 2h. After the predetermined time elapsed, the material was dried in the desiccator and weighed. The humidity percentage was calculated by weight difference. Ash content: The AOAC Method was used (AOAC, 2000). 1.0 g of starch in a porcelain crucible, it was incinerated at 550 ° C for 3.5h. Then the crucible and the ashes were cooled in a desiccator until constant weight. The crucible was weighed with the ashes and the ash amount was calculated. Using the following equation:
Jar test: The raw natural water sample was obtained from Torices -Bolívar
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1137 neighborhood. For a constant agitation speed of 30 rpm, the effect of four doses of the coagulant of native and modified starch, of 10.15, 20 and 30 mg / L, on the color, residual turbidity and pH of the water was analyzed. The turbidity removal percentages were calculated based on the initial properties of the raw water. Each experimental test was performed in duplicate. The turbidity removal efficiency (TRE) was calculated using Eq. (2) as follows:
where T0 and T represent the initial and final turbidities (NTU) of raw water, respectively.
Statistical analysis:
The data of TRE were evaluated using the analysis of variance (ANOVA). 
Results and discussion
3.1 Gelatinization temperature. The gelatinization temperature (Tp) was found in 74 °C for both starches, being higher than starch of potato with 45-60 °C [7] , sweet rice with 64.7 °C and Tapioca with 68.3°C [8] but it was similar or lower with the Tp found for maize flours as well as native corn flour between 70 to 75•C [9] , du Waxy maize at 74.2°C and normal rice 76°C. Moreover, the gelatinization temperature was detected at 64.7°C and 48.4°C for starch of rose and white cargamanto bean [10] . Starch gelatinization temperature is dependent directly with amylose content. Moreover, the environmental conditions, in cereals, can affect it, at higher environmental temperatures has been observed an increase in gelatinization temperature [11] .
Moisture content.
Moisture content of native and cationic starch were of 3% and 4%, respectively. A moisture content lower than 10% is convenient to avoid the deterioration of starches during storage [12] . Although moisture contents have been found higher to 10% in other studies [12] , commercial potato starch had presented 6, 12 and 17% of moisture content [13, 14] ; in other results, the maize and wheat starch and potato starch presented moisture content of 6% and 4%, respectively [15] . Similar results were founded to starch of rose and white cargamanto bean, the moisture contents were 3.68 % and 6.29 %, respectively [10] .
Ash Content.
The native starch presented 11% ash and the cationic starch registered 22%. Potato starch contain high level of phosphate and other mineral ions that is associated with a higher ash content [16, 17] . Cationic starch shown a higher ash content due to sodium cations. However, the high ash content, in both starches, must indicate a high mineral level in achira Canna edulis Ker Gawl. (Cannaceae). Usually, the ash contents are lower, e.g. 3.95 to 4.71% for potato [18] , 0.25% for cassava [19] and 8.49% for corn [20] . The ash content in the starches is a contributing factor for swelling power, solubility, and the pasting properties [21] , properties that affect the quality and suitability for processing of starch [22] . The higher ash content in the modified starch was due to the presence of sodium as a result of alkaline treatment [23] . Figure 1 . These values present a significant difference to the results obtained using starches of different sources such as Moringa Oleifera (95-98.2%) [24] , Jatropha curcas (99%) [25] , Abelmoschus esculentus (97.24%) [26] and Opuntia ficus-indica (91 %) [27] . The effectiveness in the turbidity removal is restricted to treat low turbidity water. The differences in the values of the coagulation activity could be due to the protein and polysaccharide compositions between these types of species with respect to the starch, which leads to variations in the effectiveness of the treatment. The cationic starch is more effective at low and high concentration, 10 and 30 mg/L. However, the data of turbidity removal were analyzed using analyses of variance (ANOVA).
Turbidity removal.
Statistical analysis.
The ANOVA statistical analysis was carried out to study the incidence of coagulant type factors and coagulant doses on turbidity removal efficiency in raw water. Table 1 shows the estimates for each of the effects studied and the interaction between the factors. The ANOVA result showed that the type and dose of coagulant were not significant (p > 0.05). 
Conclusions
The starch native and modified shown low moisture content and high ash contents. However, the modified starch had a higher ash content due to the presence sodium by the applied alkaline treatment. The gelatinization temperatures of both starches were very similar to it reported for maize flours, native corn flour, Waxy maize and normal rice 76 °C. High turbidity removal efficiency was found at 20 mg / (L) for native starch and 30 mg / (L) for modified starch. However, the statistical analysis showed that there was no significant difference in the response variable (TRE %) for both. 
